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Background:  Exercise capacity in pulmonary arterial hypertension (PAH) correlates with survival. Currently, no standard stress echocardiography 
protocol to assess patients with PAH exists. We developed an exercise protocol to assess right ventricular (RV) echocardiographic features in PAH 
patients using a recumbent ergometer. The protocol feasibility, safety and reliability were reviewed.
Methods:  We used a Philips IE 33 Ultrasound (Philips Corporation, Andover, MA) and recumbent bicycle ergometer (Medical Positioning, Kansas 
City, MO) for exercise in incremental stages. A sonographer, exercise technician and cardiologist were present for testing. Patients with PAH (20) 
and healthy subjects (5) were exercised at incremental 25 watt workloads (3 minutes per stage). Continuous EKG, SpO2 and stage HR and BP were 
recorded. Tests were symptom limited. A test was considered diagnostic at a rate-pressure product of 20,000. We used safety limits per ACC/AHA 
guidelines. We measured tricuspid regurgitation velocity (TRV), eccentricity indexes in diastole and systole, RV outflow tract velocity-time integral 
(RVOT VTI), RV outflow tract acceleration time, tricuspid valve annular plane excursion (TAPSE), and tricuspid valve tissue doppler index velocity by 
two independent sonographers at rest and peak exercise. Results were analyzed using the Pearson correlation coefficient (r). Statistical significance 
was established at the p < 0.05 level.
Results:  All subjects exercised per protocol with no serious adverse events. 72% of patients achieved the targeted rate-pressure product endpoint. 
Symptom-limited tests were terminated for dyspnea (20%), transient chest pain (4%) and fatigue (4%). All tests were completed within 1 hour. 
We acquired 97% of the desired echocardiographic parameters. Image quality was comparable at rest and exercise. Correlation coefficients were 
significant for TRV (rest r=0.95, peak r=0.95), eccentricity index in systole (rest r=0.83, peak r=0.80), RVOT VTI (rest r=0.91, peak r=0.89), and TAPSE 
(rest r=0.89, peak r=0.93).
Conclusions:  Recumbent bicycle ergometry stress echocardiography is safe, feasible and reliable in assessing RV function in patients with PAH
